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Atherosclerotic plaque rupture with superimposed thrombosis is 
recognized as the lesion causing >90% of acute myocardial 
infarctions. To determine the severity of atherosclerosis 
at the site of plaque rupture, 184 coronary arteries from 
autopsies of 162 patients who died of acute myocardial infarc-
tion were studied. There were 102 men, 72 ± 10 years old 
(mean ± SD), and 60 women, 75 ± 8 years old. All arteries 
were dissected from the heart, fixed, decalcified, cut at 2 
to 3 mm intervals and processed routinely for histologic 
examination. A planimeter was used to measure artery, plaque, 
thrombus and luminal cross-sectional area at the site of 
Pathologic studies (1-3) indicate that the great majority of 
coronary artery lesions resulting in acute myocardial infarc-
tion are thrombi superimposed on disrupted atherosclerotic 
plaques. Recent clinical studies comparing pre- and postmy-
ocardial infarction coronary angiograms suggest that occlu-
sive coronary artery lesions resulting in myocardial infarc-
tion frequently progress from previously nonsevere lesions. 
For example, Ambrose et a1. (4) reported that 78% of 23 
lesions resulted in <70% stenosis before myocardial infarc-
tion, with 30% of patients having angiographically normal-
appearing arteries in the segment that became occluded. 
Other angiographic studies (5,6) have shown similar progres-
sion from insignificant to severe lesions in patients who 
develop unstable angina pectoris. 
The conclusion reasonably derived from these studies is 
that plaque rupture often occurs in insignificant, mildly 
occlusive coronary artery atherosclerotic plaques, with com-
plete occlusion resulting from a superimposed large throm-
bus. There are important clinical implications of this notion. 
It suggests that clinical testing to detect "severe" lesions 
(such as stress tests and angiography) would be of limited 
utility in predicting which patients are at risk of imminent 
myocardial infarction. Furthermore, they suggest that after 
infarction thrombolytic therapy alone, without some form of 
angioplasty, is likely to restore the artery to a minimally 
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plaque rupture with thrombosis in sections projected at x 13.8 
magnification. 
At the site of atherosclerotic plaque rupture with superimposed 
thrombosis, the degree of stenosis due to plaque was: 90 ± 7 % for 
the right (n = 67), 91 ± 6% for the left anterior descending (n = 79) 
and 91 ± 6% for the left circumflex (n = 38) coronary arteries. 
Plaque rupture in fatal acute myocardial infarction occurs at sites of 
severe narrowing (mean 91 %, range 67% to 99%). Thus, plaque 
rupture with thrombosis is unlikely to cause fatal acute myocardial 
infarction in patients with mild to moderate coronary stenosis. 
(J Am Coll CardioI1991;17:1138-42) 
narrowed state in most patients. These angiographic studies 
also suggest that review of a previous angiogram would not 
be helpful in predicting the location of a subsequent myo-
cardial infarction or in guiding the surgeon in determining 
which lesions to bypass with grafts. 
Because the implications of these angiographic studies 
(4-6) are of importance and because the few pathologic 
studies 0-3) quantitating the severity of atherosclerosis at 
the site of rupture and thrombosis had differing results, we 
undertook a retrospective review of autopsy cases of myo-
cardial infarction secondary to atherosclerosis with plaque 
rupture and thrombosis. 
Methods 
Cases studied. We reviewed all of the autopsy reports at 
Cedars-Sinai Medical Center from January 1980 through 
December 1989 (n = 1,923) to retrieve as many cases as 
possible with coronary artery atherosclerotic plaque rupture 
with superimposed thrombosis. There were 332 patients with 
a pathologically proved acute myocardial infarction who 
underwent autopsy. All of these patients had a clinical 
history compatible with an acute ischemic cardiac event: 
unobserved sudden death, fatal arrhythmia or clinically 
documented myocardial infarction (electrocardiographic 
[ECG] or enzyme criteria, or both). All histologic sections 
from the autopsy of these 332 patients were reviewed to 
identify coronary arteries demonstrating atherosclerotic 
plaque rupture with superimposed thrombosis in one or 
more coronary arteries. Each autopsy had one or more slides 
of each coronary artery containing three or more transverse 
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slices of coronary artery sampled from the region grossly 
demonstrating thrombotic occlusion. 
Selection of cases was based solely on the presence of 
atherosclerotic plaque with hemorrhage, superficial disrup-
tion and superimposed thrombosis. There was no infarct size 
criterion for inclusion into the study. Of the 332 patients, 162 
(102 men and 60 women) were found to have coronary 
atherosclerotic plaque rupture with superimposed thrombo-
sis. The 170 patients with acute myocardial infarction that 
were excluded from the study did not have this lesion 
present in the sections available for review. 
Tissues studied. At autopsy before the ventricles were 
opened, the right, left main, left circumflex and left anterior 
descending coronary arteries were excised intact. Each was 
fixed in 10% neutral-buffered formalin or in some cases 
Bouin's fixative, a weak decalcifying agent. After fixation, 
each coronary artery was further decalcified if necessary and 
cut transversly at 2 to 3 mm intervals. Tissues were then 
routinely dehydrated in graded alcohols, cleared in xylene 
and embedded in paraffin. The embedded sections were cut 
into 5 pm thick sections and mounted on glass slides. All 
histologic sections had been stained by hematoxylin-eosin 
and some by Masson's trichrome or van Gieson's elastic 
stain. Atherosclerotic plaque rupture with superimposed 
thrombosis was diagnosed in arteries with hemorrhage 
within a plaque, with disruption of a portion of the plaque 
surface and with thrombus adherent to the site of plaque 
disruption (1-3). 
Measurement technique. A planimeter (Numonics indus-
trial planimeter) was used to measure artery, plaque, throm-
bus and luminal cross-sectional area at the site of plaque 
rupture with thrombosis in sections projected at x 13.8 
magnification. Total vessel area (the space within the junc-
tion of adventitia and media of the arteries), plaque area, 
thrombus area and residual luminal area were measured. 
From these measurements, percent stenosis by old athero-
sclerotic plaque and recent thrombus was calculated. 
Results 
Patients. Of the 162 patients, 102 were men, 34 to 88 
years old (72 ± 10, mean ± SO); 60 were women, 57 to 94 
years old (mean 75 ± 8). There were 184 coronary arteries 
with atherosclerotic plaque rupture with superimposed 
thrombosis in the 162 cases reviewed. At the site of plaque 
rupture with thrombosis, all vessels were severely nar-
rowed, with 169 of the 184 being completely occluded (no 
residual lumen) by complicated plaques with thrombi 
(Fig. 1). 
Morphometry (Table 1). For all arteries examined, at the 
site of plaque rupture with thrombosis, the average degree of 
luminal narrowing by preexisting atherosclerotic plaque was 
91 %. The degree of preexisting stenosis at the site of 
atherosclerotic plaque rupture with superimposed thrombo-
sis was the same in men (90.8 ± 6.2%, n = III arteries) and 
women (90.4 ± 6.2%, n = 73 arteries) and for each of the 
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three major coronary arteries examined. No artery had 
<67% narrowing by preexisting atherosclerosis, 6 (3%) had 
67% to 75% stenosis, 8 (4%) had 76% to 80% stenosis, 58 
(32%) had 81% to 90% stenosis and 112 (61%) had >90% 
stenosis. Only 7% of arteries had stenosis :::;80%. 
Discussion 
Previous pathologic studies. The association of myocar-
dial infarction with coronary thrombosis (7) and the associ-
ation of coronary thrombosis with atherosclerotic plaque 
disruption (8) have been known since the early 1900s. More 
recent pathologic studies (1-3) have confirmed that throm-
bosis overlying a ruptured atherosclerotic plaque is present 
in the culprit coronary artery in the great majority of patients 
with fatal myocardial infarction. Little is known about the 
pathogenesis of atherosclerotic plaque rupture with super-
imposed thrombosis. It is reported to occur in lipid-rich 
plaques (3), plaques containing inflammatory cells (9) and at 
sites of greatest stress (10). There are relatively few patho-
logic studies quantitating the degree of preexisting stenosis 
at the site of atherosclerotic plaque rupture with superim-
posed thrombosis. In 1978, Horie et al. (1) studied the heart 
of 108 patients who died from acute myocardial infarction. 
Thrombus was found in 81% of CUlprit arteries; 91% of 
thrombi were associated with a ruptured atheromatous 
plaque. In 51 of the 69 cases, there was ~75% stenosis of the 
vessel lumen at the site of plaque rupture. However, in 14 
cases (20%), there was less severe stenosis. 
Falk (2) studied 51 recent coronary thrombi and found a 
ruptured plaque associated with 40. Of 40 arteries with an 
occlusive thrombus, 39 (97.5%) had ~75% pre-existing lu-
minal narrowing by atherosclerotic plaque. In another study 
by Davies and Thomas (3), among 100 subjects who died 
within 6 h of an ischemic cardiac event, 74 had a coronary 
thrombus. Forty-eight (65%) ofthe 74 thrombi were at a site 
of ~75% stenosis by preexisting plaque. However, 35% 
were at a site of <75% narrowing. Thus, according to these 
pathologic studies, the majority of plaque ruptures with 
occlusive thrombosis occur at sites of preexisting high grade 
stenosis. However, a significant number, as many as 35% 
(3), occur in regions with a mild to moderate lesion. 
Angiographic studies. Recent angiographic studies have 
stressed that complete coronary artery occlusion may occur 
at a site of mild preexisting stenosis, with the occlusion due 
to a large thrombus forming at the site of disruption of a 
small plaque. In patients with angiograms before and after 
acute myocardial infarction, Ambrose et al. (4) found that at 
sites of subsequent complete occlusion, preexisting lesions 
had stenoses ranging from 0% to 94% (median 48%). Forty-
eight percent of lesions were <50% stenotic and only 22% 
were> 70% stenotic. Moise et al. (11) studied the progres-
sion oflesions in patients whose clinical course evolved from 
stable to unstable angina pectoris. Progression to >70% 
stenosis was found in 21 patients; 11 (52%) of21 lesions that 
progressed were judged to be "healthy segments" on the 
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first angiogram. Al-Zarka and Haft (12) also noted in serial 
angiograms that of 25 lesions that progressed to total occlu-
sion, 5 (20%) were <40% stenotic originally. Earlier angio-
Table 1. Degree of Stenosis for Each Coronary Artery (184 
arteries in 162 patients) 
% Stenosis by % Stenosis by 
Coronary Atheroma Atheroma 
Artery No.(%) (mean:!: SO) (range) 
LAD 79 (43) 90.5 :!: 5.8 75-99 
LCx 38 (21) 90.7 ± 6.1 69-99 
RCA 67 (36) 90.4 :!: 7.5 67-99 
LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 
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Figure 1. Representative coronary arteries from four patients show-
ing thrombus (T) at sites of plaque disruption (arrowheads) in 
arteries with severe preexisting stenosis; stenosis in A = 93%; B = 
96%; C = 96% and D = 95%. Hematoxylin-eosin x IS, reduced by 
20%. 
graphic studies (13,14) also demonstrated the unpredictabil-
ity of the progression of coronary atherosclerosis. 
From these studies (4,11-14), the concept that has 
emerged is that a sudden complete occlusion, presumed to 
be thrombosis at a site of atherosclerotic plaque disruption, 
can occur at sites of mild preexisting stenosis and that 
atherosclerosis does not progress gradually in a linear fash-
ion. This concept has important clinical implications. In 
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terms of diagnosis and prognosis, it suggests that one cannot 
use the coronary angiogram to predict which lesions are 
most likely to progress to total occlusion. Therapeutically, it 
implies that in patients with acute myocardial infarction, 
thrombolytic therapy alone in some patients is likely to 
convert a total occlusion to a mild to moderate lesion 
without additional intervention (15). 
Our study fails to support this concept. If the rapid 
progression of atherosclerosis described angiographically 
truly occurs, we would have expected to see relatively mild 
lesions disrupted with a large thrombus occluding the lumen. 
In our study in 184 coronary arteries with thrombus at the 
site of an atherosclerotic plaque, the average degree of 
pre-existing stenosis was 91%. No artery had <67% steno-
sis; only 7% had <80% stenosis. When each of the three 
major coronary arteries was examined separately, the mean 
values were the same for each (90% to 91%). 
Limitations of study. There are certain potential limita-
tions to our study. First, this is a selected group of cases of 
fatal myocardial infarction. This selection does not negate 
the significance of the findings because this is a very impor-
tant, relevant group of patients with ischemic heart disease. 
In this retrospective review, 170 cases of myocardial infarc-
tion were excluded because no atherosclerotic plaque rup-
ture with superimposed thrombosis could be identified in the 
slides available for review. This may in part reflect sampling 
error. The point of our stud y, however, was not to determine 
the overall prevalence of this lesion, which has been done 
previously, but rather to determine the severity of athero-
sclerosis at sites where plaque rupture with thrombosis has 
been documented. Case selection may account for the dif-
ferences in results between the angiographic studies cited 
and our findings. 
Other factors such as limitations of angiography in assess-
ing stenosis severity may playa more important role. An-
giograms are known to sometimes underestimate the sever-
ity of coronary artery stenosis (16,17) and some very severe 
lesions can go undetected. Another limitation of angiography 
is the fact that there is no control of pressure with hand 
injections capable of generating pressures of 400 to 
600 mm Hg. Angiography after thrombolytic therapy may 
further underestimate the degree of preexisting stenosis 
because plaque material that becomes admixed with luminal 
thrombus may be removed with successful thrombolysis. 
When comparing angiographic and pathologic studies, it 
must be kept in mind that the former looks at diameter 
reduction and the latter at area reduction (Table 2). 
Once plaque disruption occurs, it may be difficult to 
determine the severity of the preexisting stenosis because 
there can be considerable admixture of plaque contents and 
thrombus. The plaque may be expanded by the hemorrhage 
or diminished in volume by extrusion of plaque contents into 
the lumen. Study of serial sections from such regions, 
however, usually allows reconstruction of the topography of 
the atherosclerotic lesions present. It is known that dimen-
sional changes occur in arteries after death. Immersion 
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Table 2. Comparison of Angiographic and Pathologic Assessment 















fixation as in our study, rather than perfusion fixation, 
results in underestimation of artery luminal area, with over-
estimation of the degree of stenosis present (18). This artifact 
will be greatest in more normal arteries where the wall is 
more elastic and distensible under pressure. In the lesions 
we studied with extensive fibrosis and often calcification and 
no normal arterial wall, it is unlikely that the vessels could 
have enlarged much with perfusion fixation. Processing of 
tissue also results in dimensional changes. In severely dis-
eased arteries. however, Siegel et al. (19) showed that the 
lumen remains unchanged while the wall shrinks, resulting in 
overestimation of lumen size. We calculated that such 
changes in the coronary arteries we studied may actually 
have resulted in a 3% underestimation of stenosis. 
Summary. In this selected retrospective autopsy study, 
atherosclerotic plaque rupture with superimposed occlusive 
luminal thrombosis almost always occurred at sites of severe 
preexisting stenosis (mean 91%). We believe that it is very 
unlikely that fatal myocardial infarction results from acute 
plaque disruption and thrombosis in coronary artery seg-
ments with minimal or even moderate atherosclerosis. 
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